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ABS TRA CT 

The o r b i t a l  workshop m i s s i o n  i s  examined f rom t h e  
v i e : : . p ~ i ~ t  cf ixpro-;fng payload weight  iiiai-giii aid perf'wrrnance 
t h r o u g h  s u b s t i t u t i n g  s o l a r  c e l l s  and b a t t e r i e s  f o r  t h e  aug- 
mented f u e l  c e l l  c r y o g e n i c  supp ly  i n  t h e  A i r l o c k  Module. 
T r a d e o f f s  show t h a t  approx ima te ly  1 2 0 0  pounds can be s a v e d  by  
t h i s  s u b s t i t u t i o n .  
t h e  r e s u p p l y  problem by p l a c i n g  a l l  consumables on t h e  r e s u p p l y  
CSM and f u r t h e r  improving  t h e  weight  margin.  F i n a l l y ,  a 2-gas 
a tmosphere  o p t i o n  i s  a n a l y z e d  and i n d i c a t e s  t h e  weight  p e n a l t y  
a s s o c i a t e d  w i t h  t h i s  m o d i f i c a t i o n  i s  w i t h i n  t h e  weight  margins  
a c h i e v e d  th rough  t h e  e l e c t r i c a l  power sys t em r e c o n f i g u r a t i o n .  

g u r a t i o n  w i l l  e f f e c t  a weight  s a v i n g s  s u f f i c i e n t  t o  p r o v i d e  an 
o r b i t a l  l i f e t i m e  o f  4 0 0  d a y s  t h u s  p r o v i d i n g  f l e x i b i l i t y  i n  
p l a n n i n g  for subsequen t  m i s s i o n s .  

A f u r t h e r  examina t ion  i s  made t o  ease 

It i s  concluded  tha t  t h e  s o l a r  c e l l / b a t t e r y  c o n f i -  
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MEMORANDUM FOR FILE 

L n t r o d i i c t i o n  

It h a s  r e c e n t l y  been s u g g e s t e d  t h a t  t h e  o r b i t a l  
workshop program i n c l u d e  s o l a r  c e l l  power and 2-gas s y s t e m s  
i n  o r d e r  t o  improve t h e  c o n f i g u r a t i o n  f o r  r e v i s i t  and r e u s e .  
The c u r r e n t  b a s e l i n e  program c a l l s  f o r  t h e  workshop t o  b e  f lown 
on A l t e r n a t e  Miss ion  2 0 9  and t o  be r e v i s i t e d  and r e u s e d  b y  
M i s s i o n s  2 1 0 ,  2 1 1 ,  2 1 2  and 2 1 3 .  

The program i s  c o n s t r a i n e d  t o  a v e r y  minimum modi f i -  
c a t i o n  t o  t h e  CSMs f o r  2 0 9  and 2 1 0 ;  t o  s l i g h t l y  more m o d i f i c a t i o n  
f o r  2 1 1  and 2 1 2 ;  and pe rhaps  even more m o d i f i c a t i o n  f o r  2 1 3 .  
I t  was, however, assumed t h a t ,  i n  s p i t e  o f  t h e  A i r l o c k ' s  
" a lmos t  t o  c o n t r a c t "  s t a t u s ,  c o n f i g u r a t i o n  changes might  be  
p o s s i b l e .  I n  a n a l y z i n g  and r e p o r t i n g  t h e  e f f e c t  of t h e s e  
s u g g e s t i o n s ,  2 0 9 ,  2 1 1  and 213  have been used  t o  d e s i g n a t e  
c o n f i g u r a t i o n s  w i t h  an i n c r e a s i n g  amount; o f  m o d i f i c a t i o n  t o  
t h e  CSM and A i r l o c k  Module. 

Power Requirements  

The e l e c t r i c a l  power r e q u i r e m e n t s  f o r  t h e  nominal  
28-day, 3-man SAA-209 m i s s i o n  a r e  l i s t e d  below based  on 
Refe rence  1. 

Module Peak Power(kw) Avg. Power(kw) 

CSM 4 . 5  1 . 6  

A i r l o c k  Module . 6  

Experiment  s 2 . 4  . 5  
2 . 7  kw 

The f o l l o w i n g  assumpt ions  and sys t ems  c h a r a c t e r i s t i c s  
were used  i n  t h i s  a n a l y s i s .  
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1. The Block I1 Apol lo  f u e l  c e l l s  and a s s o c i a t e d  
r e a c t a n t  s u p p l y  w i l l  o p e r a t e  c o n t i n u o u s l y  f o r  
a t  l ea s t  28 days f u r n i s h i n g  a p p r o x i m a t e l y  6 4 0  
kw-hrs of  ene rgy  and 450 pounds o f  p o t a b l e  
w a t e r  a t  a minimum power l e v e l  o f  450 wat ts  
p e r  f u e l  c e l l  power p l a n t ,  two power p l a n t s  
a c t i v e  "on l i n e "  and t h e  t h i r d  i n  a "ho t "  
s t andby  c o n d i t i o n .  

2 .  O p e r a t i o n a l  r e q u i r e m e n t s  w i l l  p e r m i t  t h e  s o l a r  
c e l l s  mounted on t h e  SLA p a n e l s  t o  b e  exposed  
a lmos t  p e r p e n d i c u l a r  t o  t h e  s o l a r  r a d i a t i o n  
v e c t o r  whenever ihe  spaceci:al"t is oii t  of' t h c  
e a r t h ' s  shadow. 

3 .  Peak power demands from t h e  v a r i o u s  space -  
c r a f t  subsys tem can b e  programmed s o  t h a t  a l l  
p e a k  demands w i l l  not o c c u r  s i m u l t a n e o u s l y  
and w i l l  n o t  be more t h a n  5 kw. 

4 .  S o l a r  c e l l s  a r e  a r r a n g e d  i n  s e r i e s  p a r a l l e l  
combina t ions  s o  t h a t  t h e  e f f e c t  o f  p o s s i b l e  
me teo ro id  impact  damage i s  minimized,  and an 
ave rage  o f  9 watts o f  power i s  produced  p e r  
s q u a r e  f o o t  of  p r o j e c t e d  a r e a  a t  1 . 0  AU.  

The f o l l o w i n g  t a b l e  summarizes t h e  s o l a r  c e l l / b a t t e r y -  
augmented c r y o g e n i c  supp ly  t r a d e o f f  based on t h e  f o r e g o i n g  
parameters and c h a r a c t e r i s t i c s .  

1. Power r e q u i r e d  2 . 7  kw(avg)  5 . 0  kw peak  

2 .  B a t t e r y  energy  t o  b e  f u r n i s h e d  
d u r i n g  d a r k - s i d e  p a s s a g e  ( . 7  h r  
max d u r a t i o n ,  . 9  k w  f u r n i s h e d  b y  
FCP) 

3 .  B a t t e r y  weight  @25 w-h/ lb  N i - C d  
c e l l s ;  2 0 %  d e p t h  of  d i s c h a r g e  

4. S o l a r  c e l l  energy  t o  b e  f u r n i s h e d  
(peak  l o a d  5 .0  kw l e s s  FCP c o n t r i -  
b u t i o n  . 9  kw p l u s  ave rage  b a t t e r y  
r e c h a r g e  1 . 8  kw) 

5.  S o l a r  c e l l  p r o j e c t e d  a r e a  r e q u i r e d  
based on 9 w / f t 2  

6 .  P e r c e n t  o f  SLA p r o j e c t e d  a r e a  
u t i l i z e d  

T o t a l  s o l a r  c e l l  weight  @ . 6 # / f t 2  7 .  

1 . 3  kw-hr 

250 l b s  

5 . 9  kw 

655 f t 2  

70% 

425 l b s  
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Con f i a u  r a t i ons 

Three  c o n s e c u t i v e  c o n f i g u r a t i o n s  and t h e i r  p e r f o r -  
mance c h a r a c t e r i s t i c s  a re  d e f i n e d .  The 209 s o l a r  c e l l  c o n f i g u -  
r a t i o n  c o n s i d e r s  t h e  a d d i t i o n  o f  s o l a r  c e l l s  mounted on SLA 
p a n e l s  and b a t t e r i e s  mounted on t h e  A i r l o c k  and t h e  d e l e t i o n  
o f  r e a c t a n t s  and  r e a c t a n t  sys t em i n  t h e  A i r l o c k  needed  t o  
s u p p l y  t h e  CSM f u e l  c e l l s .  The 211-CSM r e s u p p l y  c o n f i g u r a t i o n  
c o n s i d e r s  t h e  e f f e c t  o f  moving a l l  l i f e  s u p p o r t  e x p e n d a b l e s  i n  t h e  
A i r l o c k  to t h e  CSM. The 213-2 g a s  s y s t e m  c o n f i g u r a t i o n  c o n s i d e r s  
a d d i n g  a n i t r o g e n  s u p p l y  to t h e  CSM t o  s u p p l y  a 5 p s i a  7 0 %  oxygen-30% 
n i t r o g e n  env i ronmen t  to t h e  CSM/Airlock/Spent S-IVB s t a g e .  

The c o n f i g u r a t i o n  s e l e c t e d  as a b a s e l i n e  f o r  t h i s  
memorandum i n c l u d e s  an u p r a t e d  S a t u r n  I l a u n c h  v e h i c l e ,  Block  I1 
CSM, SLA, A i r l o c k  and Exper imen t s  as  i n d i c a t e d  i n  R e f e r e n c e  2. 
T a b l e s  1 and 2 show t h e  209 b a s e l i n e  s p a c e c r a f t  i n e r t  we igh t  
t o  b e  36,253 pounds w i t h  a n e g a t i v e  margin  o f  303 pounds ,  t h e  
o r b i t a l  a l t i t u d e  t o  b e  230 n.m. and t h e  l i f e t i m e  t o  be 180 d a y s .  

209 S o l a r  Ce l l  C o n f i g u r a t i o n  

Th i s  c o n f i g u r a t i o n  c o n s i d e r s  t h e  e f f e c t s  o f  d e l e t i n g  
t h e  c r y o g e n i c  f u e l  c e l l  r e a c t a n t  s u p p l y  from t h e  A i r l o c k ,  a d d i n g  
p h o t o v o l t a i c  c e l l s  on t h e  SLA p a n e l s  and  a d d i n g  a bank o f  
b a t t e r i e s  t o  t h e  A i r l o c k .  The f o l l o w i n g  a s s u m p t i o n s  were u s e d  
i n  development  o f  t h i s  c o n f i g u r a t i o n .  

1. The SLA p a n e l s  c o u l d  be f o l d e d  back and  l o c k e d  
a t  r i g h t  a n g l e s  t o  t h e  CSM/AM/S-IVB s p a c e c r a f t  
l o n g i t u d i n a l  a x i s .  

2. The i n s i d e  s u r f a c e  o f  t h e  f o u r  SLA p a n e l s  a re  
a v a i l a b l e  t o  mount s o l a r  c e l l s .  

3. A s  i n  t h e  b a s e l i n e  c o n f i g u r a t i o n ,  an  e l e c t r i -  
c a l  u m b i l i c a l  w i l l  be i n s t a l l e d  a f t e r  t r a n s p o s i -  
t i o n  and d o c k i n g  o f  t h e  s p a c e c r a f t  t o  p e r m i t  
t r a n s f e r  of  e l e c t r i c a l  e n e r g y  between t h e  CSM 
and t h e  AM/S-IVB. 

The i n e r t  we igh t  f o r  t h i s  s p a c e c r a f t  c o n f i g u r a t i o n  
i s  shown i n  Tab le  1 t o  b e  35,017 pounds which i s  1236 pounds 
l i g h t e r  t h a n  t h e  b a s e l i n e  we igh t .  
a d d i t i o n s  and d e l e t i o n s  i s  shown be low.  

A summary o f  t h e  w e i g h t  

Weight Added ( s o l a r  c e l l  s y s t e m )  

S o l a r  C e l l s  425 
F i t t i n g s  25 
B a t t e r i e s  250 
Power C o n d i t i o n i n g  Eqt. 85 
Wir ing  55 

840 l b s  



BELLCOMM, INC. - 4 -  

Weight D e l e t e d  ( c r y o g e n i c  s t o r a g e )  

R e  a c t  a n t  s 1134 
Tanks 710 
I n s t a l l a t i o n ,  MTGS and 155 

Gas U m b i l i c a l  77 
F i t t i n g s  

2076 l b s  

Weight Saved 

2076 - 840 1236  l b s  

R e f e r r i n g  to T a b l e  2 ,  it can  b e  s e e n  t h a t  t h e  209 
s o l a r  c e l l  c o n f i g u r a t i o n  can  be i n j e c t e d  i n t o  an 80 x 262 n.m. 
o r b i t ,  and s u f f i c i e n t  SPS f u e l  i s  a v a i l a b l e  t o  c i r c u l a r i z e  t h e  
o r b i t  a t  2 6 2  n.m. The l a u n c h  v e h i c l e  i n j e c t i o n  c a p a b i l i t y  
i n t o  an 80 x 262 n.m. o r b i t  i s  70 ,351  pounds.  With t h e  r e q u i r e d  
i n j e c t e d  s p a c e c r a f t  we igh t  f r o m  Table  2 o f  38 ,930  pounds ,  
i n c l u d i n g  SPS f u e l  and t h e  S - I V B / I U  we igh t  o f  3 1 , 4 2 1  pounds ,  
i t  i s  s e e n  t h a t  t h e  l a u n c h  v e h i c l e  c a p a b i l i t y  i s  j u s t  s u f f i c i e n t  
f o r  t h e  c i r c u l a r  o r b i t a l  a l t i t u d e  chosen .  T h i s  s p a c e c r a f t  
can b e  e x p e c t e d  t o  have a l i f e t i m e  a t  t h i s  a l t i t u d e  o f  a b o u t  
4 0 0  d a y s  which i s  s u f f i c i e n t  for a number o f  r e v i s i t s .  

211-CSM Resupply C o n f i g u r a t i o n  

If  t h e  o r b i t a l  workshcp i s  t o  be  r e u s e d  on sgbsequent ,  
m i s s i o n s ,  i t  must be r e s u p p l i e d  w i t h  l i f e  s u p p o r t  e x p e n d a b l e s .  
The r e s u p p l y  v e h i c l e  w i l l  p r o b a b l y  be a m o d i f i e d  CSM. I n  
f u t u r e  p l a n n i n g ,  i t  m i g h t ,  t h e r e f o r e ,  be d e s i r a b l e  t o  s t a n d a r d i z e  
on a CSM/Airlock c o n f i g u r a t i o n  i n  which a l l  e x p e n d a b l e s  a re  
c a r r i e d  i n  t h e  CSM r a t h e r  t h a n  d i v i d e d  be tween t h e  CSM and  
A i r l o c k .  

The 211-CSM r e s u p p l y  c o n f i g u r a t i o n  c o n s i d e r s  t h e  
e f f e c t s  o f  mod i fy ing  t h e  2 0 9  s o l a r  c e l l  c o n f i g u r a t i o n  by 
moving a l l  l i f e  s u p p o r t  expendab les  i n  t h e  A i r l o c k  t o  t h e  CSM. 
T a b l e  1 shows an  a d d i t i o n a l  weight  s a v i n g s  o f  374 pounds f o r  
t h i s  c o n f i g u r a t i o n .  The weight  d e l e t e d  from t h e  A i r l o c k  f o r  
t h i s  c o n f i g u r a t i o n  i s  i t e m i z e d  below: 

Oxygen 1 0 8 8  l b s  

Tanks and System 736 l b s  

L i O H  250 l b s  

The we igh t  added  t o  t h e  CM i s  250 pounds f o r  L i O H .  
The w e i g h t  added  t o  t h e  SM i s  1 4 5 0  pounds f o r  oxygen, t a n k  
and  s y s t e m .  
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T h i s  c o n f i g u r a t i o n  has  t h e  d i s a d v a n t a g e  o f  r e q u i r i n g  
t h e  development  and d e s i g n  o f  a new s p h e r i c a l  oxygen t a n k  t o  
b e  i n s t a l l e d  i n  S e c t o r  1 o f  t h e  SM. 

T h i s  s p a c e c r a f t  c o n f i g u r a t i o n  can  b e  i n j e c t e d  i n t o  a 
80 x 2 7 0  n.m. t r a n s f e r  o r b i t .  The t o t a l  i n j e c t e d  weight  
c a p a b i l i t y  o f  t h e  l aunch  v e h i c l e  i s  abou t  7 0 , 2 7 1  pounds.  The 
r e q u i r e d  t o t a l  i n j e c t e d  s p a c e c r a f t  weight  from Table  2 i s  
38,850 pounds i n c l u d i n g  SPS f u e l .  With t h e  S-IVB/IU i n j e c t e d  
s t a g e  we igh t  o f  3 1 , 4 2 1  pounds,  t h e  l a u n c h  v e h i c l e  i n j e c t e d  
c a p a b i l i t y  i s  matched w i t h  a r e s u l t i n g  z e r o  i n j e c t e d  weight  
margin .  The o r b i t a l  l i f e t i m e  of t h e  s p a c e c r a f t  a t  270 n.m. 
is abcl l t  475 d3Tls. 

213-2 Gas Atmosphere C o n f i g u r a t i o n  

A s  f u t u r e  m i s s i o n  o b j e c t i v e s  i n c r e a s e  t h e  complexi ty  
o f  o p e r a t i o n  and l e n g t h e n  t h e  crew s t a y  t imes ,  i t  may become 
d e s i r a b l e  t o  u t i l i z e  some o f  t h e  s y s t e m  weight  margin  toward 
t h e  i n s t a l l a t i o n  of  a 2-gas atmosphere sys t em.  Such a m i s s i o n  
could s e r v e  as a t e s t  b e d  for very  l o n g  d u r a t i o n  manned m i s s i o n s  
f u r t h e r  downstream i n  t h e  program. The o r b i t a l  workshop m i s s i o n  
was examined f o r  t h e  weight  p e n a l t i e s  t h a t  would be a s s o c i a t e d  
w i t h  c o n v e r s i o n  o f  t h e  p u r e  oxygen a tmosphere  t o  a 5 . 0  p s i a  
7 0 %  oxygen 3 0 %  n i t r o g e n  atmosphere.  Such a s y s t e m  i s  i d e n t i f i e d  
as t h e  213-2 Gas Atmosphere C o n f i g u r a t i o n .  A s  shown i n  Tab le  1, 
t h i s  c o n f i g u r a t i o n  r e s u l t s  i n  a SM we igh t  i n c r e a s e  o v e r  t h e  
p r e v i o u s  c o n f i g u r a t i o n  o f  435 pounds.  These weight  changes 
o v e r  t h e  211-CSM r e s u p p l y  c o n f i g u r a t i o n  a r e  d i s t r i b u t e d  as 
f o l l o w s :  

N i t r o g e n  ( l b s )  

A i r l o c k  Module P r e s s u r i z a t i o n  8 . 8  
S-IVB P r e s s u r i z a t i o n  86 .8  
CSM Leakage 35.4 

S-IVB Leakage 1 0 6  

A i r l o c k  Leakage 9.5 
T o t a l  Added Gas-Nitrogen 2 4 0  l b s  

R e s i d u a l s  15 
255 

Tanks and F i t t i n g s  180  
Tot a1 435 l b s  

T h i s  s p a c e c r a f t  can be i n j e c t e d  i n t o  a 80 x 254 n.m. 
t r a n s f e r  o r b i t  w i t h  subsequent  c i r c u l a r i z a t i o n  a t  apogee.  The  
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l aunch  v e h i c l e  t o t a l  weight  i n j e c t i o n  c a p a b i l i t y  i n t o  t h i s  
t r a n s f e r  t r a j e c t o r y  i s  70,431 pounds f o r  t h i s  o r b i t ,  g i v i n g  a 
z e r o  i n j e c t e d  weight  margin .  Expec ted  o r b i t a l  l i f e t i m e  f o r  t h e  
s p a c e c r a f t  a t  t h i s  a l t i t u d e  i s  abou t  340 days .  

Summary 

I f  t h e  c u r r e n t  r e q u i r e m e n t s  f o r  SAA-209 a r e  n o t  
m o d i f i e d  by d e c r e a s i n g  exper iment  p a y l o a d  or changing  t h e  
A i r l o c k  Module c o n f i g u r a t i o n ,  t h e  l a u n c h  v e h i c l e  does  n o t  have 
s u f f i c i e n t  c a p a b i l i t y  t o  i n j e c t  t h e  s p a c e c r a f t  i n t o  a h i g h  
enough o r b i t  t o  a c h i e v e  long  o r b i t a l  l i f e t i m e .  

Modifying t h e  Ai r lock  power s y s t e m  has t h e  p o t e n t i a l  
of r e d u c i n g  s p a c e c r a f t  weight  by 1236 pounds.  T h i s  mod i f i ca -  
t i o n  i n v o l v e s  t h e  d e l e t i o n  of f u e l  c e l l  c r y o g e n i c s  and sys t em 
from t h e  A i r l o c k  and the  a d d i t i o n  o f  a s o l a r  c e l l  and b a t t e r y  
e l e c t r i c  power s y s t e m .  T h i s  c o n f i g u r a t i o n  a d h e r e s  t o  t h e  
program c o n s t r a i n t  of minimum m o d i f i c a t i o n  t o  t h e  C S M  and can 
p r o v i d e  an o r b i t a l  l i f e t i m e  o f  4 0 0  d a y s  which p r o v i d e s  l a r g e  
f l e x i b i l i t i e s  i n  subsequen t  m i s s i o n  p l a n n i n g .  The v e h i c l e  
c o u l d  b e  l e f t  i n  a powered down b u t  a c t i v e  s t a t u s  between v i s i t s .  

An a d d i t i o n a l  weight s a v i n g s  o f  374 pounds can be 
a c h i e v e d  by t r a n s f e r r i n g  a l l  expendab le  s t o r a g e  from t h e  A i r l o c k  
t o  t h e  CSM. T h i s  m o d i f i c a t i o n  has t h e  d i s a d v a n t a g e  o f  r e q u i r i n g  
a new d e s i g n  and f a b r i c a t i o n  o f  an oxygen t a n k  f o r  i n s t a l l a t i o n  
i n  S e c t o r  1 o f  t h e  SM. It d o e s ,  however,  have t h e  c a p a b i l i t y  
o f  p e r f o r m i n g  t h e  r e s u p p l y  f u n c t i o n  t h a t  i s  r e q u i r e d  i f  t h e  
A i r l o c k / O r b i t a l  Workshop i s  t o  b e  r e u s e d  on subsequen t  m i s s i o n s .  

It i s  a l s o  shown t h a t  t h e  weight  p e n a l t y  a s s o c i a t e d  
w i t h  t h e  i n s t a l l a t i o n  o f  a 2-gas l i f e  s u p p o r t  sys t em i n  t h e  
C S M  t o  s u p p l y  CSM/Airlock/Orbital  Workshop can b e  accommodated 
w i t h  t h e  margin  s u p p l i e d  by  t h e  e l e c t r i c a l  power m o d i f i c a t i o n .  
T h i s  c o n f i g u r a t i o n  would,  however, r e q u i r e  e x t e n s i v e  CSM modi- 
f i c a t i o n  and would,  t h e r e f o r e ,  be r e l e g a t e d  t o  a fo l low-on 
program r a the r  t h a n  t h e  209-212 m i s s i o n s .  

M .  S.  Feldman 

MSF 
1015-LAF-bap 

PHW 
At tachments  ( see  n e x t  page )  

P .  H .  Whipp le  
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